Reciprocal effects among local breeds and additive and heterosis effects were estimated for total milk production per lactation (TLP), lactation length (LL) and daily milk yield (DMY). Procedures for an optimum crossbreeding system were examined by comparing various crossbred combinations. Three data sets were chosen from the total records collected from 1962 to 1997. Data set I with a total of 5,938 records composed of 9 breed groups for reciprocal crosses, data set II with a total of 6,064 records composed of 5 breed groups for additive and heterosis effects and data set III with a total of 10,319 records composed of 42 breed groups for optimum crossbreeding system were analyzed. The least squares ANOVA was used. The reciprocal crosses between Red Sindhi and the Bangladeshi Local showed significant difference. When the Red Sindhi was used as cow, the cross was superior to the opposite in terms of the three performance traits. The results showed that additive breed effects on both TLP and DMY were positive and highly significant between Bos indicus and Bos taurus, whereas the individual heterosis effects were not significant. In general, any local breeds were improved two to three times by crossing with the Friesian once or twice. However, the effect was reduced when the grading up with the Friesian was repeated more than twice. On the other hand, when the local breed was crossed with the other breeds such as Holstein and Jersey, the improvement of TLP was less. Crossing the F 1 cows with the Friesian bull gave further improvement. Almost the same trends were found also for LL and DMY. The local breeds and their crosses are raised mainly for draft animals, then it is recommended that the crossbreds between the local cows and Friesian are used for dairy purposes and more than 75% Friesian blood is used for beef. (Asian-Aust.
INTRODUCTION
In Bangladesh, the native local breed is mostly of indigenous type (Bos indicus). They seem to be late maturing animals with short lactation length and their milk production is low. Sahiwal and Red Sindhi breeds were imported considering the good adaptability of these breeds under our tropical situation.
Selection breeding within a breed was investigated for Bangladeshi Local, Red Sindhi and Sahiwal breeds. Some progress will be made, but it is difficult to improve the local breeds by only selection within each breed. As another breeding strategy, crossbreeding between Bos indicus and Bos taurus species has been widely undertaken in the Central Cattle Breeding Station (CCBS) for improving the milk production potential of cattle in Bangladesh.
Heterosis effects for both individual and maternal traits were reported for Brahman-Shorthorn crossbred raised in Florida (Koger et al., 1975) , for Brahman-Hereford crossbred (Cartwright et al., 1964) , for Friesian-Sahiwal crossbred raised in India (Sarma and Pirchner, 1991) and for Red Danish-Native cattle raised in Thailand (Madsen & Vinther, 1975) . In Bangladesh, additive and heterosis effects for birth weight and daily milk yield for Holstein-Local crossbred were reported (Hirooka and Bhuiyan, 1995) .
The objectives of this study are to estimate heterosis and reciprocal effects among local breeds for milk performance. Secondly to estimate additive and heterosis effects on dairy performance traits using performance records obtained from various grade of crossbreds between the Bangladeshi Local and the Friesian. Finally to determine an optimum crossbreeding system, various crossbred combinations were compared by the least squares means of dairy performance traits.
MATERIALS AND METHODS

Data
Data on the productive performance of pure breed (5 breeds) and crossbred (43 combinations) cows were chosen from the total records (Hossain et al., 2002) accumulated in the CCBS, Bangladesh, for this study. Three data sets covering the period of 36 years from 1962 to 1997 were used in this study. Data set I with a total of 5,938 milk performance records composed of nine genetic groups, i.e., L, R, S, L×R, R×L, L×S, S×L, R×S and S×R, was used for analysis of reciprocal effects, data set II with a total of 6,064 milk production records composed of five genetic groups for heterosis effects, and data set III with a total of 10,319 records for 42 types of breed groups for the comparison of various breed groups to find out the optimum crossbreeding system for Bangladesh. The year is delineated into four main seasons, viz summer (March, April, May), rainy summer (June, July, August), autumn (September, October, November) and winter (December, January, February). The productive traits considered for three kinds of data sets were TLP, LL and DMY.
The cows were kept under a stall feeding system and supplied with green grass and concentrate (wheat bran, rice polish, khesary bran, oil cake etc.) according to their body requirements as per DLS (Directorate of Livestock Services) recommendations.
Model for estimation of reciprocal effects
Data set I was used for the analysis of reciprocal effects. The fractions of the additive, heterozygotic, maternal heterosis and maternal breed effects (i.e. X 1 to X 4 ) were considered as continuous variable and calculated as deviation of the proportion of Friesian genes from proportion of Local breed genes (Ahlbornbreier and Hohenboken, 1991; Hirooka and Bhuiyan, 1995) . The coefficients for genetic effects of each breed group are presented in table 1.
Model for estimation of optimum crossbreeding system
According to the combination of breeds, the total 42 genetic groups were divided into three broad groups which were Bangladeshi Local breed combinations (23), Red Sindhi breed combinations (12), and Sahiwal breed combinations (11) including two pure breeds. The model and method for the analysis were the same as those for reciprocal effects.
Statistical analysis
Least squares analysis of variance (Harvey, 1985) was performed using the General Linear Model (GLM) of SAS (1990a,b) . Least squares means were derived and tested using PDIFF option.
RESULTS
From results of analysis of variance using the data set I, effects of parity, year of calving and breed group were highly significant on TLP, LL and DMY. Effect of season of calving was significant on LL (p<0.05), but highly significant on TLP and DMY (p<0.01). Table 2 shows the least-squares means for dairy productive traits of the Bangladeshi Local, Red Sindhi and Sahiwal breeds and the reciprocal crosses among them. The dairy production performance of the Bangladeshi Local was significantly lower than that of either the Red Sindhi or Sahiwal breed. There was no heterosis and no significant difference between reciprocal crosses when the Bangladeshi Local and the Sahiwal and also the Red Sindhi and the Sahiwal were crossed. On the other hand, the reciprocal crosses between the Bangladeshi Local and Red Sindhi showed significant difference. When the Red Sindhi was used as cow, the cross, which showed hybrid vigor, was superior to the opposite in terms of the three performance traits. Table 3 provides the estimates of the genetic effects for TLP, LL and DMY using various crossbred combinations between the Bangladeshi Local and the Friesian. The results showed that additive breed effects were positive and highly significant for both TLP and DMY. On the other hand, the heterosis estimates were negative and non-significant for TLP and DMY. Hirooka and Bhuiyan reported (1995) negative and non-significant heterosis effects for DMY in crossbred Bangladeshi Local and Holstein raised in CCBS. Taneja and Bhat (1974) reported a small and non-significant estimate of heterosis for milk yield for Sahiwal and Friesian crossbreds. On the other hand, Madsen and Vinther (1975) reported that when a native cattle of Thailand was crossed with Red Danish breed, the crossbred showed a positive heterosis effect. Sharma and Pirchner (1991) reported that when Friesian and Sahiwal breeds were crossed in India, a positive heterosis effect for milk yield was found. Higher level of heterosis was reported from crosses involving Bos taurus and Bos indicus breeds (Cunningham and Syrstad, 1987) . These differing estimates of heterosis for milk yield reflect differences in the conditions where the animals were reared. Heterosis effect in crossbred between Bos taurus and Bos indicus is greater in a poor than in a good environment (Cunningham, 1981) .
Maternal heterosis effects were significant and maternal breed effects were negative but highly significant on TLP and DMY (table 3) . Hirooka and Bhuiyan (1995) reported negative maternal heterosis effects on DMY from crosses involving Bangladeshi Local and Holstein breed. Ericson et al. (1988) reported negative maternal heterosis effects from crosses between two Swedish dairy breeds.
From results of analysis of variance using the data set III, effects of parity, year of calving and breed group were highly significant on TLP, LL and DMY (p<0.01). Season has significant effect on LL (p<0.05) but highly significant effect (p<0.01) on TLP and DMY. Table 4 shows the least squares means for dairy performance of Bangladeshi Local, Friesian, Holstein and their breed combinations. As for TLP, pure breed Friesian produced the highest TLP (2,325.0 kg) among all breed groups. Generally, an exotic breed produces a high milk yield under seasonally hot climate when the animals are well fed and managed (Mason and Buvanendran, 1982) . Bangladeshi Local breed produced lowest TLP (522.5 kg) among pure breeds.
In case of cross-breds, by crossing the Bangladeshi Local with the Friesian, the TLP of LxF was improved threefold. However, the TLP was not improved further by back crossing with the Friesian. The effect was reduced when the grading up with the Friesian was repeated more than two times (L×F×F×F). On the other hand, when the Bangladeshi Local was crossed with the other breeds such as Holstein and Jersey, the improvement of TLP was less. Crossing the F 1 cows with a Friesian bull (L×H×F, L×R×F) gave further improvement. Almost the same trends were found for LL and DMY. The mean average TLP for Friesian crossbred cows reported in the literature was 2,385 kg (Tibbo et al., 1994) . Table 5 contains the least squares means for Red Sindhi breed combinations. As for TLP, the Red Sindhi (842.07) was the lowest among three pure breeds groups. Among the crossbreds, TLP was doubled by crossing Red Sindhi with Friesian. Furthermore, the TLP was improved by back crossing the F 1 animal to the Friesian. On the other hand, the improvement of TLP was lower than the former by crossing with other breeds such as Holstein and Jersey as in the case of Bangladeshi Local breed. When the F 1 crossbred cow between Red Sindhi and Holstein was crossed with Friesian, the TLP was improved twice as much. Table 6 reports the least squares means for Sahiwal combinations. As for TLP, Sahiwal had the lowest (861.4 kg) TLP among three breed groups. Among crossbreds, almost the same results as with the Red Sindhi were obtained.
DISCUSSION
When the Red Sindhi and the Bangladeshi Local were crossed, the reciprocal crosses were significantly different, that is, the F 1 produced using the former as female breed was superior to that produced using the latter. This effect may be due to maternal inheritance.
The maternal performance was checked further by comparing the least squares means of F 1 crossbred progeny between local cows and an exotic bull (tables 4, 5 and 6). When the Red Sindhi was mated as the female breed, the F 1 did not necessarily express a higher dairy performance than the other breeds in all three cases. That is, it was not able to be confirmed that the Red Sindhi is superior in terms of maternal inheritance traits.
The results showed that additive breed effects on both TLP and DMY were positive and highly significant between Bos indicus and Bos taurus, whereas the individual heterosis effects were not significant. Then, objectives of crossbreeding for the improvement of dairy performance in Bangladesh are limited to introduction of genes, which an exotic breed has. It becomes important how much germ plasm of a native breed adopted to the particular area will remain. This means how much germ plasm of an exotic breed will be introduced is important. Local breeds (LB) were improved twice to three times by crossing with the Friesian one or two times. The milk performance of LB×F×F×F was significantly lower than that of either LB×F or LB×F×F. It was observed that milk performance of the crossbred between LB and Friesian breed was higher than the performances of crossbreds between LB and Holstein or Jersey breed. The F 1 cows were improved almost the same as either LB×F or LB×F×F by crossing with the Friesian bull finally.
From the standpoint of the present analysis, though LB×F×F on the average had better production performance than LB×F, the difference was not statistically significant. Findings suggest that 50% level of Friesian inheritance or up to 75% improve dairy production performance of crossbred cows, but more than 75% increase in Friesian inheritance decreases production performance. Therefore, production and use of LB×F or LB×F×F seems more profitable for commercial milk production in Bangladesh.
Milk performance of Bangladeshi Local breed (LB) was poor in this analysis. They seem to be small in size, but high in ability to maintain body condition under poor quality feed stuffs. Therefore, local breeds seem more reliable for use as draft animals. On the other hand, the milk production decreases when Friesian blood becomes above 75%. Therefore crossbreds with more than 75% Friesian (LB×F×F×F etc.) seem to be profitable for beef production in Bangladesh. 
